An attempt was made to analyze and classify water quality at the Bukit Merah Reservoir (BMR) in Malaysia to determine the degree of pollution and ascertain the required treatment level before usage. Parameters determined included; pH, dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD), ammoniacal nitrogen (NH 3 -N), suspended solids (SS), total nitrogen (TN) and total phosphorus (TP) using both in-situ and standard laboratory procedures. Heavy metal contents such as nickel (Ni), cadmium (Cd), copper (Cu), zinc (Zn), lead (Pb), calcium (Ca), iron (Fe) and magnesium (Mg) were also determined using an Inductively Coupled Plasma Mass Spectrometer (ICP MS). Using the water quality index (WQI) tool, all the parameters indicated considerable degrees of pollution with an average classification number of 75.63 in Class III which indicated that the BMR water was slightly polluted. DO ranged between 2.06 and 12.5 mg/L with a mean value of 5.96 mg/L while BOD ranged between 3.08 and 6.32 mg/L with a mean value of 4.6 mg/L, among many other parameters analyzed. Also, the presence of heavy metals was recorded, but did not appear to be much of a threat with the exception of Fe. Most of the pollutants identified were mainly from infrastructural development and agricultural activities. For domestic uses, cleaner water would be required and this would need substantial investment in treatment, while for recreational, livestock and crop irrigation purposes, the water quality would be acceptable at the present level.
INTRODUCTION
Fresh water has become a scarce commodity due to over exploitation as a result of population pressure and pollution of water. The increase in population has resulted in deterioration of surface and sub-surface water (Shyamala et al. ) . In addition to groundwater exploitation, which has been mismanaged over the years, the productive use of surface water by harvesting of streams and creation of artificial lakes to supplement other sources for use became inevitable.
The resulting water bodies created, or reservoirs, have been partially effective in irrigated agriculture, especially in developing countries for limited food production (Easton & Petrovic ). In Malaysia, for instance, apart from being used in producing agricultural products, the waters in reservoirs also serve as habitats for wildlife, including endemic and endangered species (Mohamed et al. ) . Due to this economic potential, many lakes and ponds have become popular tourism destinations and recreational sites for water-based sports including fishing activities (Sharip & Zakaria ) . In Malaysia, about 73 lakes have been created to supply the nation's demand (Sharip & Zakaria ) . These lakes and reservoirs, just like many others all over the world, have been facing different challenges such as eutrophication, sedimentation, weed infestation and deterioration in water quality. Similar observations have been made for more than 28 wetlands mostly fed by the River Noyyal located in Coimbatore, in the state of Tamil Nadu in India (Mohanraj et al. ) . Several efforts were put in place by Malaysia's Department of Environment (DOE) to maintain reasonable standards in water quality despite rapid urbanization around the reservoirs' catchment areas. The DOE used a water quality index (WQI) to evaluate the quality status of the water bodies in Malaysia which served as a basis for an environmental impact assessment (EIA) of any watercourse, pollution load categorization and designation of beneficial uses classes as provided under the National Water Quality Standards for Malaysia (NWQS) (Department of Environment ). In 2009, 1,063 water quality monitoring stations were located at 577 water bodies in Malaysia, out of which 54% of the water bodies were found to be clean, 36% were classified under the 'slightly polluted' condition and the remaining 10% were considered polluted (Department of Environment ). As a result of the importance of the quality of reservoir water to the users and its implications, an attempt was made to assess the water quality status of Bukit Merah Reservoir (BMR), one of Malaysia's artificial lakes with reference to the WQI for proper classification. Also, the contents of total phosphorus (TP) and total nitrogen (TN) from the BMR sediment were determined.
MATERIALS AND METHODS

Study area
Bukit Merah Lake (BML), also called Bukit Merah Reservoir, is the oldest manmade lake in Malaysia. Located in the district of Kerian in northern Perak State (Figure 1 ), the lake stretches about 60 km to the south of Penang State and 95 km to the north of Ipoh, the capital city of Perak State 
Determination of water quality index (WQI)
The WQI consists of nine tests which include: dissolved oxygen (DO), pH, biochemical oxygen demand (BOD), chemical oxygen demand (COD), temperature, total 
RESULTS AND DISCUSSION
Parameter concentration
The pH values ranged from 6.45 to 7.8 with a mean value of 7.015 (Table 2 ). The pH falls within the range of values desirable for municipal uses which are between 6.5 and 8.5. Below this range, the water would be considered acidic and may not be fit for domestic uses, and above this range it might be considered basic, containing some elements of pollution. This range would permit existence of aquatic life in both the adjoining rivers and BMR and the results also agreed with the findings of Abowei ().
The tolerable pH limit for fish and other aquatic animals is 9.0, above which the BOD and DO would be reduced thereby endangering aquatic life. in his study. This indicated that the lake status from the viewpoint of the DO was found in Class II (Table 4 ) with values ranging between 5 and 7 mg/L since the mean value was 5.96 mg/L. The higher amount of DO may be due to higher lake water dilution and its reduction depended on the biodegraded quantity of organic and inorganic materials within the dilution capacity which agreed with the findings of Ogedengbe & Akinbile () . This means that minor purification would be needed for public water supply uses (Table 3) . However for recreational purposes, the water was suited for all types of water sports and for irrigation purposes.
The values of BOD for the BMR samples ranged between 3.08 and 6.32 mg/L while the mean value was 4.6 mg/L ( Table 2 ). The observed lowest value might be due to the infiltration of pollutants into the lake from the nearby railway construction site and private residences which might also result in the death of aquatic animals caused by the oxygen depletion at that point. This was simi- For COD, the highest value of 64 mg/L was recorded in Sungai Kurau, and the lowest value of 32 mg/L in Sungai Selarong ( Table 2 ). The observations were similar to that of Shrestha & Kazama () . The DOE WQI classified the water quality as in Class IV since the COD value ranged between 25 < COD < 100 mg/L, which means that the water was considered to be very polluted. The implication 
Heavy metals in water samples
Although considerable quantities of heavy metals such as cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), nickel (Ni), lead (Pb) and zinc (Zn) were present in the lake, they were not present in sufficient quantities to cause severe harm to aquatic life with the exception of Fe and Pb which was not detected. À0.001 and 0.077 mg/L while the average value was 0.0136 mg/L. Based on the Water Quality Standard, the average value was much less than the maximum permitted value of 2 mg/L (WHO ). Also, the average amount of chromium was 0.002 mg/L which was less than the permitted value of 0.05 mg/L. Similarly, findings showed that iron (Fe) was present in large quantities in the water samples. The average value for Fe was 6.532 mg/L which was greater than the permitted value of 0.5 mg/L which could be due to percolation of water through iron-containing rocks nearby before flowing into the lake. One result of the presence of iron in water, according to Simeonov et al. () , is the disease 
Water quality index
From the information given in Table 4 , the WQI for BMR was influenced by the sub-index of each water quality parameter.
Most of the point samples varied from slightly polluted to very polluted. The sub-indices which had the most influence on the WQI result of slightly polluted and very polluted were those of BOD and COD. Based on the WQI and uses, for the BOD sub-index the highest value was 87.37 which indicated that it was in Class III and of slightly polluted status. However, for the lowest value of 63.90, it was still in Class III but of very polluted status. The same goes for the COD subindex and, finding the midpoint for the BMR using the WQI tool, the average value of 75.63 in Class III aptly described the situation of the lake, after considering all the pollution parameters determined in this study.
Total phosphorus (TP) content in the sediment
Unlike nitrogen, phosphate is retained in the soil by a complex system of biological uptake, absorption, and mineralization (Kleinman et al. ) . Phosphates are not toxic to people or animals unless they are present at very high levels. From Table 6 , it can be seen that the highest TP value was 1.4 mg/ L at point J23 while the lowest was 0.2 mg/L at point M9.
The higher TP value at J23 was due to higher decomposition 
CONCLUSION
The analysis of water quality at BMR was carried out in addition to the analysis of phosphorus and nitrogen contents of the sediment. Using the WQI which was 75.63 and classified as Class III, this was an indication that the water was 
